Whitefly Bemisia tabaci (Gennadius) is well-known as serious pest on economic plants all over the world. In this study we examine the effect of geomagnetic field on the whitefly B. tabaci flight to the cardinal (north, south, west and east) and halfway (north-east, south-east, north-west and southwest) directions in Jeddah of Saudi Arabia. Also, we studied the effect of geomagnetic field on the attraction of B. tabaci adults to five colors (yellow, orange, green, blue and violet). We found that , B. tabaci females oriented to the cardinal and halfway directions significantly more than males. Also, there were no significant differences in the total numbers of B. tabaci adults attracted to the four main directions. South east was significantly the most halfway direction which B. tabaci attracted to. Statistically, yellow color was significantly the most attractive color, while blue and violet were the least colors preferred by B. tabaci
INTRODUCTION
Whitefly Bemisia tabaci (Gennadius) is a widely distributed pest throughout the crops of the tropics, subtropics and temperate regions (Wolfe et al., 1998 ; Oliveira et al., 2001) , and have been considered as a dangerous agricultural pest for more than four decades (Byrne et al., 1990) . Whitefly can damage the plant directly by sucking the plant sap which contains many important nutrients, and this leads to reduce plants vitality, productivity and causes plant damage (Alegbejo and Banwo, 2005 .) The whitefly in all its stages can also damage the plant indirectly by secreting honeydew which leads to growth of sooty mold fungi, and this can affect the plants physiological processes (Bi et al., 2001) , in addition, it transmits the plant virus (Morales and Jones, 2004) . It has been found that the earth magnetic field is one of the most important factors that effects on the whitefly B. tabaci flight direction, and it was proved it orients toward the east then south, north, and finally to the west (Mohamed, 2007) . Also it was found that color is an important factor for the whiteflies in selecting the host plant, where whitefly attracts to different wavelengths ranging between long that attract it to the host plant, and a short wave associated with migratory behavior (Osman, 1996) . It was reported that whitefly B. tabaci was positive to the movement of light, as it was attracted to two ranges of wavelengths that is bluish-violet and yellow, female whiteflies were always attracted to the yellow color ( Pereira and Laurentin, 2001 ; Chu et al., 2007) . But, Vaishampayan et al. (1975) have proved that Trialeurodes vaporariorum made a response to the yellow-green color in large numbers with a wavelength ranging from 520 to 610 nm. Affeldt et al. (1983) reported that the highest number of greenhouse whitefly T. vaporariorum was on traps reflecting radiation with wavelength between 500 -600 nm. Chu et al. (2000) also had proved that out of the nine examined colors that used to record the attraction of the whitefly Bemisia argentifolli Bellows and Perring with a wavelength range between 490 to 600 nm, the most attracted colors were (yellow-green, then yellow, and then spring green).
Therefore, the aim of this research is to study the effect of geomagnetic field on the whitefly Bemisia tabaci (Gennadius) flight to the four cardinal directions (north, south, east and west) as well as the half way directions (north-east, south-east, north-west and south-west), in addition to study the effect of geomagnetic field on the attraction of the adult whitefly to five different colors (yellow, orange, green , blue and violet).
MATERIALS AND METHODS
Rearing of the whitefly B. tabaci (Gennadius) in laboratory: The eggplant was selected as a host plant for the whitefly B. tabaci. Seeds were planted in a plastic basin (33×18×17cm 3 ), then plants in age of 25-30 days were planted in plastic pots (10 cm in diameter), and were used about a week after transplanting. Whiteflies B. tabaci were reared in a wooden cages, (2×1.5×1m 3 ) each side was covered by muslin cloth while the roof and the front were from glass, and equipped with a source of lighting. A number of males and females whitefly B. tabaci were collected from the infested plants using an aspirator and put into rearing cages on the eggplant seedlings that were cultivated. Insects were left to complete their life cycle at a temperature 25-32ºC and a relative humidity 65-70%. The insect have been rearing for several generations to be used in laboratory experiments.
Attraction of the adult whitefly B. tabaci (Gennadius) to the cardinal and halfway directions: In this experiment we used a wooden cage (1×1×1m 3 ) . The cage was designed to study the effect of the earth magnetic field on the flight direction preference of whitefly B. tabaci (Gennadius), the inside of the cage was painted with a black color to ensure total darkness. We made five circular holes (6 cm in diameter) on each the four side of the cage to hold five plastic jars (3.25 cm in diameter and a length of 18 cm), and it's opening to the inside of the cage. The cage was placed, where each direction of the box is facing the four cardinal compass directions, along with another test in which each side of the box was placed to the four half way directions (north-east, south-east, south-west, and north-west) (Figure 1 ). During this study, a transparent clean jars were used. A compass was used to determine the cardinal and halfway directions.
Attraction of the adult whitefly B. tabaci (Gennadius) for colors: In this experiment we used the same cage that used in the previous experiment, and we have colored the jars in each of the four sides of the cage with five different colors and it's wavelength have been measured by using a spectrometer, and the colors were violet (431 nm), blue (468 nm), green (505 nm) , yellow (580 nm) and orange (595 nm) taking into consideration to paint the jars from the outside (Fig. 2) .
Before starting the experiment of the whitefly's attraction for the cardinal and half way directions and colors, whiteflies were collected from the eggplant plants in the rearing cages, by using an aspirator, and then were put in the freezer from 2 to 3 minutes at a temperature -4ºC to make it numbed, and placed on a paper inside the cage, and left to 30 to 45 minutes until the insect restored it's activity and began to move and fly towards the jars in each direction. At the end of the experiment we collected the jars after been closed and placed in a freezer overnight to kill the insects. Males and females were counted in each jar, to find out the directions and colors that have attracted the insect the most. This experiment was repeated four times
Measurement of the wavelength of the colors:
To estimate the wavelength of each color in the visible region of the spectrum for electromagnetic radiation, we used spectrometer apparatus and diffraction grating, which contains a large number of slits up to 600 slit, and it has been measured the value of the angle θ, which gives the highest intensity of brightness for color, with knowing that, slit width d, the angle θ and the order of the line to the specified color n (Bush, 1996) , wavelength of color was determined from the relation:
Statistical analysis: The data were subjected to statistical analysis according to Watson & Croft (1993) .
nλ=d sin

RESULTS
Effect of geomagnetic field on the flight direction of the adult whitefly B. tabaci, toward the cardinal and halfway directions: Results from statistical analysis had proved that there was a highly significant differences between the four cardinal directions which the whitefly B.tabaci was attracted to and between the sex of B.tabaci which attracted to these directions. Table ( I) demonstrates that the direction of the east (3.09) was more significant in the mean number of B. tabaci , and the mean number of females that attracted to this direction (3.60) was more significant than males (2.59), and east of Jeddah (3.09) did not differ significantly from the north and south of Jeddah in the mean number of B. tabaci (2.03 and 2.16, respectively). The mean number of females attracted to each of the north and south directions (2.56 and 2.36) did not differ significantly from the mean number of male (1.50 and 1.96, respectively). The mean number of B. tabaci flying toward the west (1.73) was least significant from the other directions, but did not differ significantly from both north and south. The mean number of females in the west direction (2.09) did not differ significantly from the mean number of males (1.37).
When the test cage was directed to the four halfway directions between the cardinal directions, statistical analysis results showed that there were a highly significant differences in the mean number of the attracted B. tabaci, due to the different factors of the directions and the sex of the attracted B. tabaci. Table ( II) demonstrates that there were significant differences between the mean number of attracted B. tabaci toward each halfway direction, and these numbers were in descending order, the south-east (32.4), north-east (27.05), north-west (21.65) and south-west (18.15). The mean number of females attracted to each half way direction (the north-east; south-east; north-west and south-west) were more significantly than males (17.75 & 9.3 ; 20.65 & 11.75 ; 14.0 & 7.65 and 12.05 & 6.1) . Overall, the mean number of females which attracted to all directions (16.11) was more significant than males (8.7), meaning that the most attractive half way direction for B.tabaci was the south east of Jeddah.
Effect of geomagnetic field on whitefly's flight direction toward the cardinal directions and the different colors: Statistical analysis results had proved that there was a highly significant differences in the mean numbers of the attracted B.tabaci, due to the difference between the cardinal directions, the colors used to attract B.tabaci and the sex of the attracted B.tabaci. Table ( III) demonstrates that there were significant differences between the numbers of B.tabaci attracted to the four cardinal directions, and they were in descending order, females of the east (12.65), females of the south (11.05), females of the north (9.45), males of the east (6.55) and south (5.20), which they did not differ significantly from each other, then each of the females of the west (4.90) and males of the north (4.05), but the males which oriented toward the west were the least significant (2.10). Meaning that the females often were significantly larger than males in the attraction to the different directions.
When comparing the mean total number of the attracted B.tabaci to the different colors, we found that the yellow color (13.72) was more significant from orange (9.06), and did not differ significantly from green (5.75), which in turn did not differ significantly from the blue (4.06) and violet (2.38) colors.
Effect of geomagnetic field on whitefly's flight direction toward the halfway directions and the different colors : When the test cage with the colored jars of the five colors, were directed to the four halfway directions in-between the four main directions, it showed that there were strong effects on the flight direction of whitefly B. tabaci to the different half way directions resulted from the wavelength of the used colors. The statistical analysis results indicated that there were significant differences due to different factors, which were the half way directions, the colors used to attract B.tabaci and the sex of B.tabaci that attracted to these colors. Table  ( IV) shows significant difference in the mean number of B.tabaci attracted to the half way directions in descending order for females of the south-east (16.90), females of the north-east (14.05), females of the north-west (11.90), females of the south-west (10.10), males of the south-east (9.55), males of the north-east (7.85), males of the north-west (6.40) and males of the south-west (5.15) When comparing the different colors in the extent of attracting whitefly B. tabaci, we found that the mean number of B.tabaci attracted to the yellow color (15.72) was the most significant, followed by orange (13.06), which in turn was more significant than green (10.56), and more significant from the blue (7.56), and finally the least significant color was violet (4.28).
DISCUSSION
Over the last seventeen years, a number of scientists have studied the effect of magnetic field on the direction of insect flight. Philips and Sayeed (1993) have studied the effect of magnetic fields on Drosophila melanogaster, and Camlitepe and Stradling (1995) have recorded the response of the wood ant Formica rufa toward the magnetic field. Strickman et al. (2000) also have studied the mosquitoes' response to the magnetic field. Previous studies have showed that many insects have a magnetic sense use it when moving from one place to another. The results of our present study show that there are no significant differences between the four cardinal directions that whitefly B. tabaci was attracted to, moreover, the attraction of the females toward these directions were significantly higher than males. For the halfway directions, the south-east was significantly the most attractive direction for the whitefly B. tabaci and by looking at this direction we find that it leads to the Kaaba where Muslims turn their faces when they do prayers. The insect, like other organisms, recognizes its creator through its innate feeling. It also glorifies Allah and praises Him innately. The results of our study differ from Mohamed's result (2007) who has proved that B. tabaci was orientated to the east, then south, then north, and finally to the west. The insect's phototropism and color vision, consider the most important factors that help the insect in identifying it's food supply (Giurfa et al., 1995 ; Horvath et al., 2002) . The insects often respond to the different band wavelengths with a different behavior (Johnson and Midgley, 2001 ; Weiss & Papa, 2003) and they use the different colors to distinguish between the host and the surrounding environment (Begum et al., 2004) . While Blackmer et al. (1994) reported that the attraction of B. tabaci to light depends on the color vision which attract it to the host plant (550 nm). Many studies have been conducted on the colors which many types of whiteflies are attracted to. Mound (1962) reported that B. tabaci was responded to two wavelengths, the blue/ultra-violet and the yellow. Also he found that the short-wavelength (Blue-UV) plays a role in the migratory behavior but the attraction to the long wavelength help it to find the host plant places easily. That means the insects can be effected by the color of the surface and respond to it. The present study proved that the yellow color in a wavelength of 580 nm was the most attractive color for whitefly B. tabaci, and that due to the importance of laying the eggs on the young leaves which are more yellowish than the adult leaves. The violet color (431 nm) was the least attractive. Our results were very similar to the results of Weeb et al. (1985) where they proved that the attractiveness of the yellow color is because it is a radiant color with the highest reflection, while the light reflection for the violet color is low. Our current results also corroborate with Vaishampayan et al. (1975) experiment in the extent of greenhouse whitefly (Trialeurodes vaporariorum) attraction to the reflected light from several painted oily surfaces. Where he proved that insects were attracted in a large numbers to the yellow-green color with a wavelength between 520 to 610 nm, but it's response to ultra violet light with a wavelength less than 400 nm or infrared at a wavelength between 610 to 700 nm was normal. Also the results of our study agree with Affeldt et al. (1983) when they emphasized that the greenhouse white fly T. vaporariorum recorded the highest response to the yellow-green color at the wavelength of 500 -600 nm, but the blue color (400-490) inhibited the response. Balan (1967) in India also reported that the growth of whitefly B. tabaci was faster when it was exposed to the yellow-green color, while it was slower in light blue. While EL-Helaly et al. (1981a) in Egypt has emphasized that the females and males of whitefly B. tabaci prefers yellow ( 700-520 nm) in comparing with green, white and blue colors.
Our present study showed that the orange color comes after the yellow color which is the most attractive color for whitefly B. tabaci, and the orange followed by green, then blue and finally violet for both males and females of whitefly B. tabaci. The females were always significantly greater than males in being attracted to these colors. But, EL-Helaly et al. (1981b) had proved a contrast result as he emphasized that only the females response to the yellow color, then green, white, blue, and finally the red color, while the males don't prefer any color from the other. Gaum and Giliomee (1994) in South Africa had emphasized that the greenhouse whitefly (T. vaporariorum) respond to the yellow color with a wavelength of 600 nm. Mutwiwa and Tantau (2005) also proved that the whitefly T. vaporariorum attracted to lamps of the yellow color. In the United States, India and China Chu et al. (2000) have said that when using nine different colors, the yellow was the most attractive for the whitefly then green, and then the orange, with wavelength range between 490 to 600 nm, and these colors consider the primary colors in attracting insects, as it's wavelength similar to the reflected light waves from the underside of the lush green leaves and this was confirmed by our current results. Simmon (2003) emphasized that, when blue, yellow and white traps were used to attract whitefly B. tabaci, the yellow traps were more attractive. Chu et al. (2003 Chu et al. ( , 2004 ) also confirmed our results, where they used two types of traps, which are yellow sticky card and plastic cup to catch the whitefly T. vaporariorum and Bemisia argentifolli and aphid Aphis gossypii they found that the yellow traps in greenhouse which equipped with a yellow-green light, have been most effective in attracting the largest number of insects and limits it's spreading, than those traps that were not provided with lighting. As well as in Egypt, Mohamed (2007) have studied the colors and directions that insect B. tabaci attracted to, where he proved that the yellow color was more significant from the bluish green, and than the orange, indigo, and the green, this corroborate with our results, in that the yellow color is more significant from other colors.
. Fig. 1 . The cage that used for whitefly B. tabaci attraction toward the cardinal and half way directions. Fig. 2 The cage that used for whitefly B. tabaci attraction to the different directions and colors. 
CONCLUSION
It is concluded that, B. tabaci females oriented to the cardinal and halfway directions more than males. South east was the most halfway direction which Bemisia tabaci attracted to , and yellow color was the most attractive color, while blue and violet were the least colors which preferred by B. tabaci.
